Our understanding of chronic obstructive pulmonary disease (COPD) has changed dramatically over the past two decades. We have moved from an airflow limitationcentric view to the realisation that COPD is a complex and heterogeneous disease, which leads inevitably to the need for personalising the assessment and treatment of patients with COPD. This review provides a brief perspective of the extraordinary transition that the COPD field has experienced in the last two decades, and speculates on how it should/can move forward in the near future in order to really achieve the goal of personalising COPD medicine in the clinic.
INTRODUCTION
Our understanding of chronic obstructive pulmonary disease (COPD) has changed dramatically over the past two decades. 1 We have moved from an airflow limitation (forced expiratory volume in 1 s, FEV 1 )-centric view of the disease 2 to the realisation that COPD is a complex and heterogeneous condition. 3 4 It is important to emphasise that, in this context, 'complex' means that COPD has a number of intrapulmonary and extrapulmonary components whose dynamic interactions along time are not linear, whereas 'heterogeneous' indicates that not all of these components are present in all individuals at any given time point. 5 This realisation inevitably leads to the need for personalising the assessment and treatment of patients with COPD. 1 5 The Global Strategy for the Diagnosis, Management and Prevention of COPD (GOLD) has already started to move in that direction. 4 Since 2011, GOLD recommends a multidimensional assessment of patients with COPD that, while keeping the severity of airflow limitation (as determined by FEV 1 , percentage reference) still a core component of the proposal, 2 includes two new dimensions: symptoms experienced by the patient and the risk of future exacerbations. 4 This is because the relationship of FEV 1 with these two important dimensions of the disease is weak. 3 Instead, dyspnoea is a better prognostic indicator of mortality in COPD, 6 and the previous history of exacerbations is the best surrogate marker of the risk of future exacerbations. 7 Clearly, this is a step towards personalised medicine in the clinic (figure 1), but it is not likely to be the last one. 5 This review provides a brief perspective of the extraordinary transition that the COPD field has experienced in the last two decades, and speculates on how it should/ can move forward in the near future in order to achieve the goal of really personalising COPD medicine in the clinic (figure 2).
THE COPD STONE AGE: AN FEV 1 -CENTRIC VIEW
It was only 15-20 years ago, 'yesterday' in historical terms, when COPD was basically a neglected, almost orphan, 8 disease. At that time, COPD was viewed as a self-inflicted disease for which basically nothing could be done other than persuading the patient to quit smoking and use some short-acting bronchodilators and/or theophylline, which were frequently associated with significant side effects. Available treatment was basically 'inherited' from asthma, which at that time clearly dominated the respiratory scientific scene. 9 This landscape began to change in 2001 when the first GOLD document was released. 10 This initiative of the Heart, Lung, and Blood Institute and the WHO has had a profound effect in the field. According to its initial declaration, its objectives were 'to increase awareness of COPD and to help patients suffering this disease and dying prematurely from it or its complications'. 10 It certainly achieved these goals, since GOLD has contributed extraordinarily to the rise in awareness of the prevalence and burden of the disease. 11 Yet, in the context of this paper, it should be noted that both this first GOLD document 10 as well as the first revision released in 2006 2 were FEV 1 -centric, since the degree of airflow limitation present was central for the diagnosis, assessment and treatment of COPD.
THE COPD RENAISSANCE: COMPLEXITY, PHENOTYPES AND STRATIFIED MEDICINE
A second major change in the field of COPD occurred in November 2011 when the third revision of the GOLD document was released. 4 This change was fuelled by the realisation that COPD was a complex and heterogeneous disease with a number of intrapulmonary and extrapulmonary components, 12 13 and that FEV 1 had a weak relationship with them. 3 In other words, FEV 1 was a necessary but insufficient parameter to characterise the complexity and severity of COPD and to guide its treatment. 14 15 Following from this, GOLD 2011 proposed a three-dimensional assessment of COPD which, while still considering the severity of airflow limitation (eg, FEV 1 ), also includes the level of symptoms experienced by the patient and the previous history of exacerbations to predict the risk of future exacerbations. 4 This proposal was, however, by and large not based on evidence but rather on 'expert opinion'. It is not surprising, therefore, that many questions arose after its publication 16 since, according to Niels Bohr (Copenhagen, Denmark, 1885 -1962 , "an expert is a person who has made all the mistakes that can be made in a very narrow field".
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On the other hand, in order to deal with the complexity of COPD, the investigation of COPD 'phenotypes' became very popular. [18] [19] [20] The term phenotype classically refers to 'any observed quality of an organism, such as its morphology, development or behaviour', as opposed to its genotype-the inherited instructions it carries, which may or may not be expressed. 21 The phenotype is composed of traits or characteristics, some of which are controlled entirely by the individual's genes whereas others are controlled by genes but are significantly affected by environmental factors. 21 This definition is hard to apply to clinical medicine since some phenotypes so defined may be completely irrelevant for the disease process of interest. In 2010, another group of experts therefore proposed the concept of a 'clinical COPD phenotype' as 'a single or combination of disease attributes that describe differences between individuals with COPD as they relate to clinically meaningful outcomes (symptoms, exacerbations, response to therapy, rate of disease progression, or death)'. 22 This intellectual process is depicted graphically in figure 3 . Because COPD is a heterogeneous disease (as represented by the different colours in figure 3A) , the concept of a clinical phenotype attempted to provide some order by grouping patients with similar clinically relevant characteristics (figure 3B). However, in real life, patients with COPD are not only heterogeneous but also complex, indicating that different clinical characteristics can occur in varying proportions in any given patient (figure 3C). Therefore, although the concept of a clinical phenotype is useful for research in order to understand the heterogeneity of the disease, it is of limited use in clinical practice, which deals with individual patients (personalised medicine) and not with groups of patients classified according to a particular clinical phenotype (stratified medicine) (figure 2). 5 
THE COPD FUTURE: PERSONALISED (P4) MEDICINE
Niels Bohr also said: "It's difficult to make predictions, especially about the future". 23 In the context of this paper, however, it is hard to fail if the prediction is that the future of COPD (and medicine in general) is to become more 'personalised'. Of note, personalised medicine is not exactly the same as 'individualised' medicine (M Perpiña, Valencia, Spain; personal communication). Fortunately, the practice of medicine has been 'individualised' for the last 2000-3000 years at least. 5 The term 'personalised' medicine goes beyond that of 'individualised' medicine since it pretends that, based on the individual's genome ( personalised), predictions about future risks can be made and, accordingly, preventive strategies can be implemented, most often requiring the participation of the patient. This is why 'personalised medicine' is also known as 'P4 medicine'. 1 24 So the real question is not where we are heading (P4 medicine) but how we are going to get there. To help us think about this, a number of domains and characteristics of COPD that may be clinically relevant (ie, may eventually become therapeutic targets) but are not currently included in the GOLD recommendations are discussed below, 4 as well as a potential way to integrate these different actionable (ie, treatable) domains into clinical practice (the COPD control panel), as proposed recently. 25 What are we currently missing?
I have no doubt that the new GOLD multidimensional assessment proposal 4 marks a point of no return in our understanding and management of COPD (figure 1). However, 'transformation is a process, not an event', 26 so there is no reason to believe that the current proposal is the end of the story. Rather, it is likely to be the beginning of a transformative process. Hence, it is legitimate to ask what other domains of the disease will probably have to be incorporated to evolve, improve and refine the current situation. Box 1 presents some of them. The list does not pretend to be exhaustive and is only presented to stimulate the scientific debate. Comorbidities, which are highly prevalent in patients with COPD, 3 27 are not discussed here since they are repeatedly discussed in the current GOLD document. 4 COPD is 'a common preventable and treatable disease, characterised by persistent airflow limitation that is usually progressive and associated with an enhanced chronic inflammatory response in the airways and the lung to noxious particles or gases'. 4 Despite the fact that this definition refers to the chronic inflammatory process that characterises the disease, both in the lungs 28 and the systemic circulation, 29 no specific recommendations are made on how to measure and monitor it and/or what therapeutic alternatives should be used based on the assessment of this abnormal inflammatory response. Yet, some recent reports are beginning to pave the way towards the use of inflammatory markers in the management of COPD. For instance, the systemic inflammome associated with both smoking and COPD has recently been described (figure 4). 30 Importantly, the results showed that, contrary to established beliefs, 29 not all patients with COPD have persistent systemic inflammation (in fact, about a third of them appear to be persistently non-inflamed 30 ) and that, despite having similar FEV 1 values, patients with 
persistent inflammation had more frequent exacerbations and a six times higher mortality during 3 years of follow-up than patients without inflammation. 30 These results have now been reproduced in other cohorts 31 and, more importantly, 'inflammometry' has now been used in pilot studies to guide therapy in COPD with very encouraging results. 32 33 It is therefore conceivable that, somehow, inflammatory markers will sooner or later be included in the routine management of patients with COPD.
Chronic airway 'colonisation' is known to occur in some patients with otherwise clinically stable COPD. [34] [35] [36] It is likely to impact negatively on their clinical course by increasing the symptoms (chronic cough and expectoration), accelerating their rate of FEV 1 decline and/or promoting the occurrence of exacerbations. 37 38 Yet again, current recommendations do not mention when and how this should be diagnosed, monitored or treated. Even more importantly, the old dogma that the healthy human lung is sterile is wrong. 39 The use of modern molecular techniques rather than the old culture-based methods has opened a new frontier in respiratory medicine 40 by showing that even healthy lungs display a complex 'microbiome', and that this changes in many diseases including COPD. [41] [42] [43] [44] [45] [46] [47] [48] [49] The influence of changes in the lung microbiome of patients with COPD (either spontaneous or induced by treatment) on clinically relevant domains of the disease such as symptoms, exacerbations, rate of FEV 1 decline, predisposition to lung cancer and/ or relationship with pulmonary and systemic inflammation, as discussed above, will have to be investigated and eventually included in the clinical assessment and management of these patients.
A third domain that will probably need to be considered in the future is that of 'disease activity'. 50 This concept refers to the 'level of activation of the biological processes that drive disease progression'. 51 It is well established in other chronic diseases, such as rheumatoid arthritis, where it is clearly differentiated from that of 'severity' of the disease (ie, the extent of functional loss of the target organ(s)), that of 'early versus late' disease (ie, the time point in the natural history of a disease at which it is diagnosed or studied) and/or that of the 'impact' of the disease on the patient (ie, health status). 51 Despite its clear importance in order to guide therapy, 50 there is no consensus yet on what marker(s) should be used to evaluate and monitor disease activity in COPD. Some recent reports have suggested that the presence of eosinophils is a controllable aspect of the disease which is present in some patients with COPD. 32 52-55 Further, some clinical surrogates can be conceived. First, now we know that-again contrary to the established dogma 56 -not all patients with COPD have an accelerated decline of lung function with time, 57 it is conceivable that those with it have more 'active' disease than those without it (table 1) . Similarly, it is conceivable that patients with frequent exacerbations also have more 'active' disease than those without exacerbations. 7 In any case, the investigation of disease activity biomarkers is clearly one of the areas that can contribute more to personalise medicine in patients with COPD in the near future.
Another aspect of COPD which is currently neglected in the routine clinical management of these patients, despite cumulative evidence of its potential importance, is the rapidly evolving field of thoracic imaging (table 1) including low-dose CT scanners, positron emission tomography and other techniques of molecular imaging. [58] [59] [60] Whether or not the routine management of patients with COPD should involve this sort of imaging technique is currently unclear. However, as an example, a single CT scan can provide information on the presence of emphysema, 61 lung cancer, 62 bronchiectasis 63 and coronary artery calcification, 64 as well as others such as pulmonary emboli, column osteoporosis and pectoralis muscle mass. All of them are clinically relevant and potentially actionable (ie, treatable). For instance, the identification of emphysema or lung cancer may be Figure 4 The systemic inflammome of smoking and chronic obstructive pulmonary disease (COPD). Each node represents one circulating inflammatory biomarkers (as per the colour code shown in the slide), whose diameter is proportional to the number of subjects in each group (non-smokers, smokers with normal spirometry and patients with COPD) with abnormal values of that particular biomarker. Nodes are connected if participants present abnormal values of both biomarkers, the width of the link being proportional to the number of subjects in that group with abnormal values of the two linked biomarkers (as indicated in the figure) . For further explanation, see text. Reproduced from Agusti et al. 30 relevant per se but, more importantly, because of their often ignored inter-relationship. In this context, it is well established that tobacco smoking is the major risk factor for both COPD and lung cancer, even though not all smokers develop these diseases. What is often less appreciated, however, is that the risk of lung cancer is significantly higher in smokers who have developed COPD, particularly emphysema. 65 In fact, it is exceptional to see a patient with lung cancer and normal spirometry. Given that survival in patients with lung cancer is directly related to early diagnosis, 66 it is possible that a greater awareness of lung cancer risk in patients with COPD might have a significant clinical impact. 67 Unfortunately, few physicians today think about lung cancer risk in front of a patient with COPD, despite the fact that other surrogates of emphysema (such as carbon monoxide transfer factor) appear also to predict the risk of lung cancer in patients with COPD. 65 Intervention to reduce the incidence of lung cancer in patients with COPD (eg, chemoprevention or screening) should be intensively investigated. Likewise, bronchiectasis is prevalent in patients with COPD [68] [69] [70] and, importantly, it appears to be significantly associated with an increased risk of mortality. 63 Yet, whether this should be investigated routinely in all patients with COPD, how to do this and what to do if it is found is not currently considered. Furthermore, the relationship between bronchiectasis identified clinically or by imaging and the lung microbiome, as discussed above, is currently unclear. The identification of coronary artery calcification in these patients 64 may also be clinically relevant, given the high prevalence of cardiovascular disease in COPD. 71 Finally, the development of molecular imaging techniques may facilitate the diagnosis and monitoring of pulmonary inflammation, changes in the microbiome and/or early diagnosis of lung cancer in COPD, 58 59 a disease component that, as discussed above, is currently ignored.
How can we put all this together?
In my opinion, the answer to this question requires the consideration of two different aspects. First, the integration of multiple levels of data (environmental, clinical, biological and genetic) using network science. 1 72-74 As shown in figure 5 , this approach has the potential to deliver clinically relevant outcomes from each of these four levels, 72 including the identification of genetic markers that facilitate the assessment of risk of future events (lung function decline, exacerbations, comorbidities), biomarker validation and new therapeutic targets identification, clinical decision support systems (CDSS) and other integrated care tools, and lifestyle changes, all of which are important in the prevention and treatment, of chronic diseases like COPD. 75 The second aspect has to do with the best way to implement all this new information in real clinical practice. If the current three-domain assessment system proposed by GOLD 4 has already been criticised because of its complexity, 76 needless to say a much more complex system like the one proposed here may not be well received. Yet the answer is not difficult and may come from other fields such as engineering. Using the analogy of aeroplane pilots who, in order to fly the plane safely, need to receive multidimensional information (eg, altitude, route, weather conditions, fuel reserve, potential incoming aircraft), we have recently proposed that a similar 'control panel' can provide physicians with the actionable information necessary for the best personalised treatment of a given patient. 25 In essence, this would be a sort of validated CDSS that, importantly, can be customised to make it simpler or more complex depending on the local practice circumstances (eg, primary vs specialised care). The original COPD control panel proposal 25 included three modules (severity, activity and impact), each of them including a number of related and actionable variables. Of course this proposal is only conceptual and has not been adequately validated, so the specific content of each module requires research. However, we believe that the concept is valid in order to progress to COPD personalised medicine in clinical practice. Yet again this is an evolving concept. For instance, a very recent prespecified analysis in 5125 patients with COPD included in the Prevention Of Exacerbations with Tiotropium in COPD (POET-COPD) trial 77 showed that polymorphisms of the β 2 -adrenergic receptor (ADRB2) gene (Arg16Gly (rs1042713) and Gln27Glu (rs1042714)) did indeed influence the effect of long-acting bronchodilators (tiotropium vs salmeterol) in the prevention of exacerbations. 78 This is therefore a good example of pharmacogenetic testing being considered in the personalised treatment of COPD and, in my opinion, it paves the way towards the future incorporation of a fourth 'omics' module in a refined COPD control panel ( figure 6 ).
CONCLUSIONS
This review attempts to convey some ( personal) perspective to the extraordinary series of changes that have occurred in the field of COPD over the last two decades or less, where we have been liberated by moving away from an FEV 1 -centric view of the disease to one which also considers clinically relevant domains of the disease such as the level of current symptoms and the history of previous exacerbations. 4 It is proposed, however, that the future of COPD will inevitably become even more personalised, and a series of components of the disease that may provide additional, independent and clinically useful information for a better management of patients with COPD are discussed. Finally, it is suggested that a COPD control panel seems an appropriate CDSS that can be tailored to different clinical conditions and needs. All in all, this approach might help to sort out the differential diagnostic of airflow limitation due to other chronic respiratory diseases and/or ageing 79 to facilitate the development of novel therapeutic drugs by recruiting discrete subgroups of patients with COPD into clinical trials 80 and, eventually, to manage COPD more efficiently. 
